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ABSTRACT - A diallel set of crosses among 10 synthetic vanet1es of maize (Zea mays L.) 
were evaluated in eight environments. All varieties, except BSSS, had undergone recurrent 
selection for either yield or pest resistance. Objectives of the study were to determine 
relative performance of varieties per se and in crosses with other improved varieties. 
Varieties improved by recurrent selection for yield were superior in yield to those 
improved for pest resistance. It seemed that single-trait selection for pest resistance 
caused a redirection of photosynthate . BS13(S)C2 x BS18 yielded 8902 kg ha-1, which 
was within one LSD (0.05) of three single·cross hybrid checks. BS13(S)C2 was an 
improved strain of BSSS, and BS18 was developed from intercrossing two strains of 
Krug Hi I Syn. 3 developed from seven cycles of half-sib and S1 recurrent selection, 
respectively. Possible combinations of varieties for composite formation based on heterotic 
response were discussed . 
KEY WORDS: Zea mays L.; Corn; Heterosis; Composites; Diallel crosses; Yield; Pest 
resistance. 
INTRODUCTION 
SHULL ( 1908, 1909) suggested methods for the use of hybrids in maize 
(Zea mays L.). Hybrids were available for farmers in the 1930's, and nearly 
all the maize hectarage in Iowa and Illinois was planted to hybrids by 194 3. 
Maize hybrids were higher yielding and had better standability than did the open-
pollinated varieties formerly used by the farmers. After the introduction of 
hybrids, further breeding efforts were made to improve the yield, standability, 
and pest resistance of the subsequent hybrids. Genetic progress was made in 
the development of hybrids since they were introduced in the 1930's 
(1) This paper is dedicated to Dr. G. F. Sprague for his nearly 60 years of excellence 
in scientific pursuits of corn breeding and genetics. Some of the materials evaluated in 
this study were derived from selection studies initiated by Dr . Sprague 30 to 40 years ago. 
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(RUSSELL, 1974; DuvICK, 1977). During the past 20 years, greater emphasis 
has been given to the genetic improvement for resistance to root and stalk 
rot pathogens, leaf diseases, and cold and heat tolerance, as well as yield. 
Genetic improvement of lines and hybrids was accomplished by two 
general methods of breeding, pedigree selection and recurrent selection. 
Pedigree and recurrent selecrion are two distinct methods of breeding that do 
not have many features in common but are interrelated for their most 
effective use. Pedigree selection is usually imposed on narrow genetic-base 
populations and emphasizes inbreeding while mm1m1zmg recombination, 
whereas recurrent selection is usually imposed on broad genetic-base populations 
and minimizes inbreeding while maximizing recombination. The two methods 
have some features in common, but the objectives may be very different. 
Although pedigree and recurrent selection are usually considered two distinct 
methods of plant breeding, they can effectively complement each other. 
Recurrent select·ion methods were developed for the improvement of 
quantitative traits in broad genetic-base populations and include three phases 
conducted in a repetitive manner : development of progenies, evaluation of 
progenies in replicated trials, and selecrion and recombination of the superior 
progenies to reconstitute a population for the next cycle of selection. The 
primary objective of recurrent selection is to increase the frequency of favorable 
alleles for the traits under selection. Hence, recurrent selection methods were 
designed to increase the mean of the traits under selection (selection of 
progenies having favorable alleles) and to maintain genetic variability for 
further selection (recombination of superior progenies) . 
Recurrent selection for yield was initated in Stiff Stalk Synthetic by 
SPRAGUE (1946), and several recurrent selection studies have been conducted 
by the cooperative federal-state maize breeding program at Ames, Iowa. 
Grain yield was emphasized for most of these studies. Because of the large 
number of populations resulting from these studies, a systematic series of tests 
involving diallel crosses of improved and unimproved synthetic varieties has 
been conducted for the past 15 years. Four phases of evaluation have been 
completed (HALLAUER, 1972; HALLAUER and EBERHART, 1966; HALLAUER 
and SEARS, 1968; HALLAUER and MALITHANO, 1976). This is a report of 
the fifth phase, and our objectives were to determine the effectiveness of 
recurrent selection for the populations per se and in crosses with other 
improved varieties for grain yield and other traits . 
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MATERIALS AND METHODS 
Materials 
A diallel set of crosses was produced among 10 synthetic varieties. The varieties 
tncluded in the diallel crosses were: BSSS, a Stiff Stalk Synthetic derived by intermating 
16 lines that had above average stalk quality (SPRAGUE, 1946); BSl(HS)Cl, developed 
by crossing Iowa Two-ear Synthetic no. 1 C2 (BSlO) and Iowa Corn Borer Synthetic no. 3 
(BSCB3) and random mating for two generations [Cycle 1 was produced by recombining 
16 F6 lines selected on the basis of high yield and good root and stalk strength in 
testcrosses with a double-cross tester (RUSSELL, 1979)); BS9(CB)C2, derived by intermating 
10 inbred lines to develop a population that had good resistance to first- and second-
generation European corn borer (Ostrinia nubilalis Hubner), followed by two cycles of 
S1 recurrent selection for resistance to first- and second-generation European corn borer 
(RussELL and GUTHRIE, 1982) ; BS12(HI)C7, developed by seven cycles of half-sib 
recurrent selection in "Alph", an open-pollinated variety, with B14 as a tester (HALLAUER 
et al ., 1974) ; BS13(S2)C2, an improved strain of BSSS developed by seven cycles of 
half-sib recurrent selection using Ia13 as a tester followed by two cycles of S2 recurrent 
selection (HAI.LAUER and SMITH, 1979); BS16, developed from "ETO Composite" by six 
cycles of mass selection for early flowering (HALLAUER and SMITH, 1979); BS17, a 
Stiff Stalk Synthetic population developed by recombining six improved strains of BSSS 
(RussEI.L, 1979); BS18, a synthetic variety developed by crossing two improved strains 
developed from Krug Hi I Syn. 3 (LoNNQUIST , 1949) [BSK(HI)C7, developed by seven 
cycles of recurrent selection using a double cross, single cross, or an inbred tester, and 
BSK(Sl)C7, developed by seven cycles of S1 recurrent selection (BURTON et al., 1971)); 
BS20, developed by intermating 12 inbred lines selected for corn rootworm (Diabrotica 
sp.) tolerance and root traits , originally designated as Iowa Late Rootworm Synthetic; and 
BSL(SJC6, developed from the open-pollinated "Lancaster Surecrop" variety by six cycles 
of S1 recurrent selection for stalk rot (Diplodia maydis) resistance (EBERHART et al., 1972). 
The diallel crosses were produced in 1979 by making paired-row crosses, with 25 
plants per row. Four sets of paired rows were used for each of the 45 variety crosses. 
Reciprocal crosses were made with about 200 pollinations being made for each of the 
crosses . A tassel was used to pollinate two ears and then broken to prevent further use . 
Pollinated ears from each of the four pairs- of rows for each of the variety crosses were 
harvested and shelled in bulk. The shelled seed was thoroughly mixed before a sample 
was taken for the experiments . 
To reduce possible seed quality differences . among years, seed of each variety was 
increased in 1979 by sib-mating in a 200-plant block. A tassel was used to pollinate only 
two ears and then broken to prevent further use. 
The 10 varieties, 45 variety crosses, and 26 check entries were evaluated at 
each of four Iowa locations (two near Ames and one each near Ank~ny and Martinsburg) 
in 1980 and 1981. The experimental design at each location was a 9 x 9 simple lattice. 
Plots included two rows 5.5 m long with 0.76 m between rows. Plant density 
was about 55,000 plants ha·1• All experiments were machine planted and harvested. Data 
were obtained for yield (kg ha· 1), grain moisture at harvest (% ), stalk and root lodging 
(%), and dropped ears (%) at each test location. 
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Statistical analysis 
To obtain the appropriate genetic analysis , the analysis of variance for each 
experiment (environment) was conducted excluding checks. Therefore , the data were 
analyzed as a randomized complete block experiment with two replications. A combined 
analysis 0£ variance. was performed in the same manner. For F-tests and genetic inferences , 
environments were considered as random variables and entries as fixed variables. 
When the entry mean square was significant in the combined analysis, entry sums 
of squares were further partitioned by using models I1 and III suggested by GARDNER 
and EBER HART (1966). The model III analysis was based on fitting the following linear 
models: 
Y1i 
Yij 
where 
µ v + v,, and 
ri, + g; + s,i, 
Y,; 1s the observed mean of the i• h variety; 
µ , is the mean of all variety; 
v, is the effect of the i•h variety; 
Yij 1s the observed mean of the cross 0£ variety i and j; 
µ , is the mean of all crosses; and 
g;, gi, and s;i' are the general and specific combining ability (or specific hete rosis 
in the GARDNER-EBERHART model) effects as described for Model I, method 4 of 
GRJFFING's (1956) analysis. 
The model II analysis was based on fitting the variety and variety cross means to 
the following linear model: 
Yij = µv + 1/ 2 (v, + vi) + o (h + h; + hi + sij), 
where 
v, and vi are the variety effects when they are included 111 the analysis; 
Ft is the average heterosis contributed by the variety; 
h, and hi are the contribution of each variety to the expression of heterosis; 
sii is the same as in model III; and 
o = 0 when i = j and o = 1 when i ¢ j. 
In Table 2, a complete model III analysis is given with the addition of variety 
heterosis mean squares (h
0
) from model II. This analysis was used to provide a complete 
genetic description of the data . In addition to the genetic analysis, the EBERHART and 
RUSSELL (1966) stability analysis also was fitted to the data to enhance the description 
of the vr.rieties and variety crosses when tested over a series of environments. 
RESULTS 
The environment means for yield ranged from 5320 to 7238 kg ha·1, with 
an average coefficient of variation (CV) over all environments of 13.8% 
(Table 1). The incidence of stalk and root lodging in the eight environments 
was relatively low except in environment 1981-4, which had 37.9% stalk 
lodging, and environment 1980-1 , which had 25 .3 % root lodging. Stalk and 
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TABLE 1 - Environmental means for the 55 entries (10 parents and 45 crosses) 
for four traits and the means for four of the checks tested in four environments in 
1980 and 1981. 
Environment 
1980-1 
-2 
-3 
-4 
1981-1 
-2 
-3 
-4 
Average 
Checks 
B73 x Mo17 
B84 x Mo17 
B79 x Mo17 
B68 x Mol7 
LSD (0.01) 
Weight 
kg ha-I 
7238 
6525 
6918 
5320 
6677 
7237 
6805 
6107 
6603 
8499 
9684 
9158 
8475 
630 
Yield 
CV 
% 
11.9 
14.3 
15.5 
13.7 
10.6 
11.l 
18.5 
12.5 
13.8 
Environment Grain 
index (1) moisture 
635.0 
-78.0 
315.0 
-1283.0 
74.0 
634.0 
202.0 
-496.0 
% 
22.7 
18.9 
18.2 
18.2 
31.1 
25.6 
20.6 
19.4 
21.8 
20.6 
20.4 
21.0 
22.l 
0.4 
Lodging 
Root Stalk 
25.3 
8.4 
4.8 
12.9 
1.8 
0.9 
4.6 
3.5 
7.8 
5.5 
8.2 
5.0 
3.7 
4.6 
% 
7 .2 
8.2 
2.1 
11.2 
6.7 
9.1 
17.5 
37.9 
12.5 
5.2 
8.4 
10.2 
3.4 
4.6 
( 1) Environmental index values used m the stability analyses (EBERHART and RusSELL, 
1966). 
root lodging averaged 12.5 and 7.8%, respectively, over the eight 
environments. 
The entry mean squares were significant (P .::5 0.01) for all traits except 
plants ha·1 and percentage of dropped ears, which permitted partitioning of the 
entry sums of squares according to models II and III of GARDNER and 
EBERHART (1966). The complete model III analysis including variety heterosis 
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TABLE 2 - Analyses of variance for four traits for 10 s31nthetic varieties and their 45 
diallel crosses tested at four environments in 1980 and 1981. 
Mean squares 
Grain Lodging 
Source df Yield (1) Moisture Stal~ Root 
kg/ha ------ % ------
Environments (E) 7 
Reps/E 8 
Entries 54 1097.30** 10.22** 170.06""' 
Varieties 9 1170.30"'* 10.15""' 546.54*'' 
GCA (2) 9 2734.50** 33.30""' 228.00''* 
Heterosis 46 609.21 "* 7.20""'' 79.36 
Average heterosis 15812.05*"' 41.07** 272.14 
Variety heterosis 9 366.65*'' 18.14*"' 150.97 
Specific heterosis 35 237.21""' 3.42"' 55.44 
E x Entries 378 96.04 2.27 58.78"'* 
E x Varieties 63 79.30 2.23 119 .33"· "' 
Ex GCA 63 120.39 2.81 34.12 
E x Heterosis 322 90.76 1.98 56.67"' 
E x Average heterosis 7 142.91 3.52 97.82"' 
E x Variety heterosis 63 87.42 1.58 90.44""' 
E x Specific heterosis 245 92.72 2.10 48.43 
Pooled error 432 82.77 2.25 45.33 
C.V. (%) 13.8 6.9 53.9 
"' and *" indicate significance at the 5 and 1 % probability levels, respectively . 
( 1) Multiply mean square by 104• 
(2) General combining ability. 
214.53*"' 
225.31 ""' 
818.18""'' 
58.59 
63.60 
49.28 
60.84 
64.27'"' 
55.05 
146.11"' "' 
45.27 
30.13 
46.93 
46.57 
43.2~ 
84.4 
-------··----- ··- - ·--··--··---·· ·- ··--·---
TABLE 3 - Yield (above diagonal, kg ha-1) and specific combining ability effects (below diagonal) for 45 variety crosses and yield (on 
diagonal), general combining ability effects (g.J, and variety effects (v;l for each of the 10 varieties per se tested at four environments in 1980 
and 1981. 
Varieties (2) Cross 
Varieties BSSS BS16 BS17 BS18 BS20 BS13(S)C2 BS9(CB)C2 BS12(Hl)C7 BSL(S)C6 BSl(HS) Cl mean g; vi 
BSSS 4931(') 6111 5944 6899 5608 6451 6612 7597 
BS16 - 274.7 6091 6605 6765 6388 7321 6800 7600 
BS17 -450.9* --44.3 6673 6995 6285 7136 6841 7830 
BS18 80.3 -308.9 -88.1 5916 6585 8902 6547 7875 
BS20 -424.Y 101.3 -11.3 -135.8 5265 7267 5973 7220 
BS13(S)C2 - 701.0** -85.7 -279.8 1061.8** 213.2 6796 7145 7570 
BS9(CB )C2 403.1" 336.1 368.1 -349.6 -137.1 -84.2 5385 7453 
BS12(Hl)C7 427.4* 176.2 397.1" 18.0 149.9 -620.2*'' 206.4 6172 
BSL(S)C6 500.2'' 100.4 163.8 -139.4 179.l 398.7" -622.61···> - 523.3*'' 
BSl(HS)Cl 439.9'' ---0.4 - 54.6 
-138.3 64.9 97.l -120.2 - 231.5 
* and *" significantly different from zero at the 5% and 1 % probability levels , respectively. 
( 1) LSD (0.05) for comparing variety and variety cross yields is 630 kg/ha. 
(2) LSD (0.05) for comparing means of 9 variety crosses is 210 kg/ha. 
(3) Number in parenthesis refers to cross mean rank. 
6301 7019 6505(') (8) (3 ) -335 .9** -773.F* 
6155 6833 6731 (6) --81.4 386.9 
6228 6788 6739 (5) -72.4 ·933.2*" 
6349 7128 7116 (3) 351.8** 211.8 
5881 6545 6417 (9) -434.7** -438.7* 
7220 7697 7412 (2) 684.8** 1091.4** 
5255 6536 6574 (7) -258.4** -318.8 
6315 7385 7427 ( 1) 701.7*'' 467.5" 
3924 6191 6211 (10) -666.9*'' -1179.8'"" 
-56.9 5~3 6902 (4) 111.5** 219.6 
:;>j 
tTl 
n 
c 
:;>j 
:;>j 
tTl 
z 
>-:! 
C/l 
tTl 
t""' 
tTl 
n 
>-:! 
-0 
z 
\,;> 
°' \,;> 
_..j 
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from model II is presented in Table 2. The environment x entry interaction 
was partitioned for all genetic effects, although there were significant 
interactions involving environments for only percentage of stalk and root 
lodging. All sources of variation included from models II and III were 
significant for yield and grain moisture; however, only the variety and general 
combining ability (GCA) mean squares were significant for stalk and root 
lodging. 
Table 3 includes the means and the genetic effects for yield for the 45 
diallel crosses and 10 varietal parents. The means for the varieties per se 
averaged 5704 kg ha· 1 and ranged from 3924 [BSL(S)C6] to 6796 kg ha·1 
[BS13(S)C2] (diagonal , Table 3). The lowest yielding varieties [BSSS and 
BSL(S)C6] had no selection for yield. The estimates of the variety effects (v; , 
Table 3) indicate the performance of the varieties per se, relative to the mean 
of all varieties included in the diallel. Six of the 10 varieties had significant 
(P::; 0.05 or 0.01) variety effects. BS16, BSl 7, BS18 , BS13(S)C2, BS12(Hl)C7 , 
and BSl(HS)Cl had positive variety effects, but only the effects for BS 17 , 
BS13(S)C2, and BS12(Hl)C7 were significant. BSSS, BS20 , and BSL(S)C6 had 
significantly negative variety effects; they were the lowest yielding as varieties 
per se and when averaged over all crosses . 
The mean of the variety crosses was 6803 kg ha· 1 and ranged from 5255 
for BS9(CB)C2 x BSL(S)C6 to 8902 kg ha· 1 for BS18 x BS13(S)C2. When 
averaged over all crosses within a variety, BS12(Hl)C7 , BS13(S2)C2, and BS18 
performed the best with means of 7427, 7412, and 7116 kg ha·1 , respectively. 
As expected, these varieties also had the only significantly positive GCA 
effects (g;, Table 3). Four varieties [BSSS, BS20, BS9(CB)C2, and BSL(S)C6] 
had significantly negative GCA effects, and they were also the four lowe5t 
yielding as varieties per se and when averaged over all crosses. 
Average heterosis, the mean contribution of all varieties to their crosses, 
was 1101 kg ha·1 (19.5% heterosis relative to the midparent). Average heterosis 
and specific heterosis (SCA) accounted for 57.7 and 30.3%, respectively, of the 
heterosis sums of squares. Of the 45 crosses, 12 had significant specific heterosis 
effects, although 50% of these were negative (below diagonal, Table 3 ). BSSS 
had significantly (P :5 0.05) positive specific combining ability (SCA) effects 
in four crosses [BS9(CB)C2, BS12(Hl)C7, BSL(S)C6, and BSl(HS)Cl] and 
significantly negative SCA effects in three crosses [BS 17 , BS20, and 
BS13(S)C2]. BS16 had nonsignificant SCA effects in all crosses. BS18 x 
BS13(S2)C2 was the highest yielding variety cross (8902 kg/ha) and had 
the highest SCA effect (1062* '"). The yield of BS18 x BS13(S2)C2 was 
within one LSD (630 kg ha·1) of three of the hybrid checks (Table 1) . 
TABLE 4 - Stalk lodgin.~ (upper right, %) and root lodging (lower left, % ) for the 45 crosses tested in eight environments. The average of all 
lines in crosses and general combining ability ef feels (g;) are shown on the margins for each trait. 
Stalk lodging ( % ) 
Varieties ---------
Meanf of 
-- --· -
Varieties BSSS BS16 BS1 7 BS18 BS20 BS13 (SlC2 BS9(CBlC2 BS12 (Hl )C7 BSL(S)C6 BSl(HS)Cl Parents crosses gi vi 
---
BSSS 15.6( 1 ) 8.8 13.6 9.2 14.0 10.2 13.6 9.1 14.2 13.8 12.0 -0.2 0.2 
BS16 12.3(') 
-
11.3 14.7 10.9 10.2 9.8 11.6 10.1 7.9 8.8 11.3 - 1.0 -4.9** 
BS17 6.6 12.9 14.7 11.6 14.4 11 .2 14.1 12.9 11.1 10.3 12 .2 0.0 -3.3 
~ 
BS18 10.4 12.4 6.8 
-
11.7 12.4 12.4 18.6 12.4 13.8 21.2 13 .8 1.8*" 7.6** tT1 n 
c 
BS20 3.4 6.4 1.8 2.1 - 9.1 12.0 12.7 9.6 12 .2 9.7 11.0 -1.4'' -4.0* ~ 
:;xi 
BS13 (S )C2 6.6 11.7 9.7 8.3 1.2 13.3 16.6 11.2 11.2 9.9 12.5 0.3 -3.8* tT1 - z 
>-:! 
BS9(CB)C2 9.7 6.0 6.5 7.1 2.0 8.9 - 14.5 7.4 10 .4 10.5 11.2 -1.1 - 3.1 C/} 
BS12(Hl )C7 10.8 16.7 7.7 9.7 3.4 12 .6 9.0 - 13.9 15.9 24.2 14.6 2.7*'' 10.5** tTl l' 
tT1 
BSL(S)C6 11.2 11.6 8.0 2.7 4.9 11.3 6.7 11.6 13.8 8.4 11.2 -1.2 -5.2** n - >-:! 
>--< 
BSI (HS )Cl 6.8 9.3 3.9 6.5 0.8 5.1 4.3 6.6 10.2 - 19.8 12.3 0.1 6.1** 0 z 
Root lodging ( % ) 
Parents 6.7 13.5 8.4 7.0 0.0 10.6 8.7 12.3 9.8 6.6 
Mean of crosses 8.6 11.0 7.1 7.3 2.9 8.4 6.7 9.8 8.7 5.9 
gi 1.1 3.8** -0.6 -0.4 -5.3** 0.8 -1.1 2.4*" 1.2 -1.9** 
v. 
I 
-1.7 5.2** 0.0 -1.4 -S.3** 2.3 0.3 3.9* 1.4 - 1.7 
--
* and ** significantly different from zero at the 5 and 1 % levels, respectively. 
( 1) LSD (0.05) for stalk lodging is 5.3% . 
VJ {2) LSD (0.05) for root lodging is 5.6%. 
°' VI 
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Crosses that included BS20, a population with resistance to corn root-
worms, had the least lodging with cross average of 11.0 and 2.9 % stalk and 
root lodging, respectively (Table 4). The range for root and stalk lodging 
among crosses was 18.6 [BS18 x BS12(HI)C7] to 7.4 % [BS9(CB)C2 x 
BSL(S)C6] and 16.7 [BS16 x BS12(Hl)C7] to 0.8% [BSl(HS)Cl x BS20)] , 
respectively. Because it is desirable to reduce stalk and root lodging, varieties 
with negative GCA effects (g;, Table 4) would be preferred. BS20 (-1.4 1') 
had a significantly negative GCA effect, whereas BS18 (1.8* 1') and BS12(HI)C7 
12,000 
• 
11,000 • 
10,000 
,....... 
~ 9,000 
~ 
~ 
-c - ~ 8,000 BS12(Hl)C7 "BS13(S)C2 
>-
7,000 BSL(S)C6 " BSl(HS)Cl 
6,000 
5,000 
-1200 -800 -400 0 400 800 1200 
Environmental Index (I) 
FIGURE l. Observed and predicted yields for three variety crosses tested 
in eight environments. 
(2Td<) had significantly positive GCA effects for stalk lodging. For root 
lodging, BS20 (-5.Y*) and BSl(HS)Cl (-1.9'h~) had significantly negative 
GCA effects, whereas BS16 (3.8*1') and BS12(Hl)C7 (2.4 1"°') had significantly 
positive GCA effects. The variety (v;, Table 4) effects reflect the selection 
pressure given to root and stalk quality. They ranged from -8.3 {BS20) 
to 5.2 (BS16) and from -5.2 [BSL(S)C6] to 10.5 [BS12(HI)C7] for 
percentage of root and stalk lodging, respectively. BS20 was developed by 
TABLE 5 - Deviation mean squares (upper right) and b-values (lower left) from the stability analysis of EBERHART and RussELL (1966) 
for each of the 45 variety crosses. 
Deviation mean square 
Varieties ---- - ·-·-- -Mean of Varieties 
Varieties BSSS BS16 BS17 BS18 BS20 BS13(S)C2 BS9(CB)C2 BS12(Hl)C7 BSL(S}C6 BSl(HS)Cl crosses per se 
BSSS 
-
62 .3(') 41.8 40.l 13 .5 41.6 69.6 196.0** 45.6 41.3 61.3 85.2 
BS16 0.81( 1 ) - 20.4 13.2 7.2 123.6** 72.6 21.2 56.1 25.6 44.7 32.9 
:;.:; 
BS17 l.44 0.94 44.0 22.5 44.6 24.2 32.0 26.8 33.6 62.0H 
t:I1 
- 45.7 n 
c 
BS18 1.36 0.50 1.14 42.2 132.3** 105.5* 91.6'' 92.2* 28.8 65.6 10.6 
:;.:; 
-
:;.:; 
t:I1 
BS20 l.02 1.18 0.82 l.44 15 .7 139.6** 60.0 17.5 64.5 42.5 8.5 z - ....., 
BS13(S)C2 0.91 0.87 1.30 2.04 l.16 62.1 12.3 38.0 48.1 51.8 24.1 C/l t:I1 
t""' 
BS9(CB)C2 1.34 0.62 1.31 l.06 l.48 0.96 21.1 35.5 75.9 60.6 33.9 t:I1 - q 
52.2 62.8** 
...... 
BS12(Hl)C7 0.73 0.80 1.12 0.67 1.37 0.86 0.77 - 49.6 38.4 0 z 
BSL(S)C6 l.23 0.69 0.78 0.67 0.99 0.97 0.99 0.41 - 1.3 39.3 116.7** 
BSl (H S)Cl 0.85 1.07 l.63 0.90 1.02 0.93 0.28 1.47 0.88 - 35.1 25.4 
Mean of crosses l.08 0.83 1.16 1.09 1.16 1.11 0.98 0.91 0.75 1.00 
Varieties per se 0.73 1.03 1.27 1.04 1.09 0.89 1.07 0.66 0.58 0.90 
* and ** significantly different from zero at the 5 and 1 % probability levels, respectively. 
( 1) Standard error of the variety and variety cross b-values is 0.42 . 
VJ 
(2) Multiply deviation mean squares by 104. 0--
-.....! 
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recombining lines having good rootworm tolerance and root development, and 
BSL{S)C6 was developed by six cycles of recurrent S1 selection for improved 
stalk quality. Seven cycles of half-sib recurrent selection for yield were effective 
in BS12(HI)C7, but the variety is characterized as having poor roots and 
stalks. Root lodging has always been above average for BS16. 
Table 5 includes the regression estimates (bi) and deviation mean squares 
(dev. M.S.) for yield for the 10 parent varieties and 45 diallel crosses from 
the stability analysis suggested by EBERHART and RUSSELL (1966). The 
b-values ranged from 0.58 for BSL(S)C6 to 1.27 for BSl 7 for the varieties 
and averaged 0.93. The range of the b-values for the variety crosses was 
considerably greater than for the varieties, and the mean of the hr values 
was higher at 1.02 (Table 5). The range for the deviation mean squares was 
also greater for the variety crosses, ranging from 1.3 for BSl(HS)Cl x BSL(S)C6 
to 196.0 for BSSS x BS12(HI)C7. Only seven of the deviation mean squares 
were significant from zero for the variety crosses. As varieties per se, only 
BSL(S)C6 had a significant deviation mean square. Although the deviation 
mean square for BSL(S)C6 x BSl(HS)Cl was only 1.3, this variety cross 
also had a low hr (0.88) value; this variety cross was one of the lowest 
yielding crosses and did not respond to the high yield environments (Fig. 1). 
BS18 x BS13(S)C2 had one of the largest deviation mean squares (132.3, 
Table 5), and it also had the largest b, value (2.04) . BS18 x BS13(S)C2 
was the highest yielding variety cross with an excellent response to high-yield 
environments, but it also showed greater fluctuations among environments, 
particularly at the higher yielding environments (Fig. 1 ). 
DISCUSSION 
Except for BSSS, the original strain of Stiff Stalk Synthetic, all the other 
varieties included were developed by some form of recurrent selection. Selection 
for improved yield was emphasized in BSl 7, BS18, BS12(Hl)C7, and 
BS13(S)C2, and selection for greater pest resistance was emphasized in 
BSl(HS)Cl, BS9(CB)'C2, BS20, and BSL(S)C6. Selection, in all instances, was 
based on progeny evaluations. BS16 was developed by six cycles of mass 
selection for earlier flowering. BS17 and BS18 represent composite populations 
developed by intercrossing improved strains of BSSS and Krug Hi 1 Syn. 3, 
respectively. The extent of the selection within the different synthetic varieties 
varies from nine cycles (seven half-sib and two S2) of selection for yield in 
BS13(S)C2 to one cycle of selection for pest resistance in BSl(HS)Cl. 
Except for BS16 and BS12(Hl)C7, all the varieties were developed by 
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intermating selected lines that met certain specific standards; e.g., good stalk 
quality for BSSS, rootworm tolerance for BS20, and yield for BS18. The number 
of lines intermated ranged from 10 for BS9(CB)C2 to 26 for BSl(HS)Cl. 
Two varieties [BS13(S)C2 and BS17] included only BSSS germplasm, and 50, 
15 ( 4 of 26), and 10 % ( 1 of 10) of the lines included in the synthesis of 
BS20, BSl(HS)Cl, and BS9(CB)C2, respectively, were derived from BSSS. 
So far as known, BS18, BS12(HI)C7, BSL(S)C6, and BS16 do not include 
germplasm related to BSSS. 
BS12(HI)C7 was derived by half-sib recurrent selection from the Alph 
open-pollinated variety and was not expected to have germplasm related to 
any of the other synthetic varieties. BS16 was an adapted source of exotic 
germplasm, but some U.S. Corn Belt germplasm seemingly was included in 
the synthesis of ETO Composite (CHAVARRIGGA, 1966). The origins of all 
the lines included in ETO Composite are not known, but the extent of 
the U.S. germplasm included seems limited. The main influence of the 
U.S. germplasm included in ETO Composite may be alleles for earlier 
flowering, which were effectively selected in the development of BS16 
(HALLAUER and SEARS, 1972). Hence, the 10 parental varieties included 
four that were either BSSS or included some lines developed from BSSS, 
five that were not related to BSSS, and BS16, which was not closely related to 
either of the two groups of U.S. Corn Belt germplasm. Because BSl(HS)Cl 
and BS9(CB)C2 included only 15 and 10% BSSS germplasm, respectively, 
they were included in the non-BSSS group. 
The grouping of the synthetic varieties in the two groups seems to be 
substantiated by the relative heterosis expressed within and between the two 
groups (Table 6). There was greater variation, however, within the non-BSSS 
group than within the BSSS group because none of the varieties included in 
the non-BSSS group was derived from another, as, for example, BS13(S)C2, 
BS 17, and BS20 included germplasm derived from BSSS. Average midparent 
and high-parent heterosis among the six BSSS crosses was 9.0 and -0.6%, 
respectively, vs. 22.6 and 12.1 % among the 10 crosses included in the 
non-BSSS group. BSSS x BS20 (6.5%) and BS13(S)C2 x BS20 (6.9%) had 
the greatest high-parent heterosis for the BSSS group. Four crosses in the 
non-BSSS group had high-parent heterosis that exceeded 19% BS12(HI)C7 x 
BS18, BSl(HS)Cl x BS18, BS12(HI)C7 x BS9(CB)C2, BS12(HI)C7 x 
BS1(HS)C7. High-parent heterosis for the 20 crosses between the two 
groups (BSSS x non-BSSS) averaged 12.8%. The greatest high-parent heterosis 
(31.0%) and yield (8902 kg ha-1) were obtained for the BS13(S)C2 x BS18 
cross, which included one parent variety from each of the two groups. 
TABLE 6 · Mid-parent (above diagonal) and high-parent (below diagonal) heterosis estimates (10%) for 45 variety crosses among 10 \.» 
-.J 
synthetic varieties evaluated in eight environments. 0 
-
BSSS group Non-BSSS group 
Varieties BSSSCO BS17 BS13(S)C2 BS20 Average RS18 BS9(CB)C2 BS12(HI)C- BSL(S}C6 BSl(HS)Cl Average BS16 
BSSS group 
BSSS 
- 2.4 10.0 10.0 27.2 28.2 36.8 42.3 29.3 10.9 ::-:: 
BS17 -10.9 - 6.0 5.3 11.1 
!;d 
13.5 21.9 17.5 7.8 3.5 
I:""' 
BS13(S)C2 -5.1 5.0 - 20.5 40.1 16.7 16.7 34.7 21.0 13.6 > 3:: 
BS20 6.5 -5.8 6.9 - 9.0 17.8 12.2 26.3 28.0 17.0 
::-:: 
23.3 12.5 tI1 
_i-< 
Average --0.6 10.1 > ~ 
Non-BSSS group ::r: 
> I:""' 
BS18 16.6 4.8 31.0 11.3 
-
15.9 30 .3 29.0 20.4 12.7 I:""' 
> c 
BS9(CB)C2 22.8 2.5 5.1 10.9 10.7 
-
29.0 12.9 15.6 18.5 tI1 
::>:! 
BS12(HI)C7 23.1 17.3 11.4 17.0 27.6 20.8 25.1 22.1 24.0 
BSL(S)C6 27.8 - 6.7 6.2 11.7 7.3 -2.4 2.3 
-
25.7 22.9 
BSl (Hl)Cl 18.1 1.7 13.3 10.5 20.3 10.3 19.7 4.5 - 22.6 13 .8 
Average 12.8 12.1 18.4 
BS16 0.3 -1.0 7.7 4.9 3.0 11.l 11.6 23.1 1.1 12.2 11.8 
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Greater midparent and high-parent heterosis for BS16 was obtained in 
crosses with varieties from the non-BSSS group (Table 6). Average high-parent 
heterosis for the six crosses of the BSSS group. was -0.6% vs. 12.1 % for 
the 10 crosses of the non-BSSS group. High-parent heterosis of crosses of 
BS16 with the varieties of the non-BSSS group exceeded 10% for all varieties 
except BSL(S)C6, which had the poorest variety per se and variety cross 
performance. Hence, BS16 seems to have a greater frequency of alleles in 
common with the BSSS group than with the non-BSSS group. 
If one particular pair of varieties was to be selected to rn1tlate 
interpopulation recurrent selection, BS13(S)C2 and BS18 would be the logical 
choice because of their significant SCA effect ( 1061.8 ~d', Table 3). Although 
BS13(S)C2 x BS18 had exceptional yield, it was only average for stalk 
(12.4%) and root (8.3%) lodging. BS18 does not have good stalk quality 
per se (21.2%, Table 4) and had a significantly positive GCA effect (1.8°) 
in crosses. Selection for stalk and root quality would have to be emphasized 
to provide acceptable germplasm sources for the extraction of useful lines for 
improved hybrids. Selection pressure for improved stalks and roots, however, 
must accompany selection for yield. BSL(S)C6 was developed by six cycles 
of recurrent selection for stalk quality per se; it had better stalk quality than 
BS12(HI)C7 and BS18, but yield per se and in crosses was significantly 
lower than BS12(HI)C7 and BS18, in which selection for yield was 
emphasized. Hence, a balance of the partitioning of the photosynthate must 
be included for developing germplasm that has greater yield and acceptable 
root and stalk quality. 
Greater genetic variability could be developed by intermating the 
populations within each group to form a Stiff Stalk Composite and a non-Stiff 
Stalk Composite. Prediction of the composite means can be made with use 
of the relation: Yeo = Ye - (Ye - Yv) / n, where yrco is the predicted mean 
of a composite obtained from random mating of n varieties, Ye is the average 
of all possible variety crosses, Yv is the average of n parental varieties, and 
n is the number of varieties included in crosses (HALLAUER and MIRANDA, 
1981). A Stiff Stalk Composite formed by intermating the four varieties 
included in the BSSS group would have a predicted yield of 6315 kg ha-1• 
If BSSS was not included in the synthesis of the Stiff Stalk Composite, the 
predicted yield is 6679 kg ha-1• Predicted yield of the random mated cross 
between BS13(S)C2 and BS17 was 6935 kg ha-1• Although the predicted 
yield of random mated cross of BS13(S)C2 and BS17 was 256 kg ha·1 
greater, the inclusion of BS20 would be desirable because BS20 would 
contribute alleles for improved root and stalk quality. 
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A non-Stiff Stalk Composite formed by intermating the five parent 
varieties included in the non-BSSS group would have a predicted yield of 
6456 kg ha·'. Because BSL(S)C6 was the poorest variety per se and in crosses, 
the predicted yield of a non-Stiff Stalk Composite that did not include 
BSL(S)C6 was 7057 kg ha·1, an expected increase in yield of 60 l kg ha· 1• 
Although the predicted yield of the non-Stiff Stalk Composite was increased 
by excluding BSL(S)C6, it may be desirable to include BSL(S)C6 because of 
the higher frequency of alleles for better stalk quality. Genetic variability 
for stalk quality would be highly desirable because of the poor stalk 
quality of BS18 and BS12(HI)C7. 
BS16 was not included in the predicted composite yields, but BS 16's 
heterotic response in crosses suggested it had a greater frequency of alleles in 
common with BSSS (Table 6). The predicted composite yield for a Stiff Stalk 
Composite was 6677 kg ha·1 for BS17, BS13(S)C2 , BS20 , and BS16 and 6854 
kg ha·1 if only BS17, BS13(S)C2, and BS16 were included in the formation 
of the composite. The predicted yield of a Stiff Stalk Composite that included 
BS16 (6677 kg ha-1) was similar to the one that included only BS13(S)C2, 
BS17, and BS20 (6679 kg ha-1). The deletion of BS20 in the formation of 
a Stiff Stalk Composite gave an increase in yield in all instances, but BS20 
would be a source of alleles for improved root and stalk strength. BS16 
would provide genetic variability for yield and would not have a detrimental 
effect on mean yield; BS16's poor root strength, however, would not be 
desirable (Table 4). 
It seems two broad-genetic base composites would offer good opportunities 
for effective selection of materials for use in advanced maize breeding 
programs. Long-term recurrent selection programs have developed synthetic 
varieties having greater yield. If the other improved synthetic varieties selected 
for greater pest resistance were included in the composites , adequate genetic 
variability should be available to integrate alleles for root and stalk strength 
and yield. Hence, a Stiff Stalk Composite that included BS13(S)C2, BS16, 
BS17, and BS20 should permit selection for elite genotypes that combine 
well with non-stiff stalk germplasm. Two choices were available for developing 
a non-Stiff Stalk Composite : one that included BSL(S)C6 (6456 kg ha-1) 
and one that did not include BSL(S)C6 (7057 kg ha-1). Because of the poor 
stalk strength of BS12(HI)C7 and BSl 8, a non-Stiff Stalk Composite that 
included BSL(S)C6 would be preferable to provide a greater opportunity in 
selection of genotypes that have acceptable stalk quality and yield. 
Joint contribution: U.S . Department of Agriculture, Agricultural Research Service. 
and Journal Paper No. J-11304 of the Iowa Agric. and Home Econ . Exp. Stn. , Ames , 
IA 50011. Project No. 2194. 
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RI ASS UNTO 
Conf ronto Ira popolazioni di mais migliorate con la selezione ricorrente 
Sono stati valutati in otto ambienti gli incroci derivanti da dieci varied sintetiche di mais. 
Tutte le varieta, a meno di BSSS, hanno subito cicli di miglioramento per produzione e 
resistenza alle malattie. Gli obiettivi di questo studio erano di determinare la produzione 
relariva delle varieta per se e negli incroci con altre varieti1 migliorate. Le varieta 
migliorate con la selezione ricorrente per produzione sono risultate superiori per produ-
zione a quelle migliorate per resistenza alle malattie. Risulta evidente che la selezione 
per il solo carattere di resistenza causa una diversa utilizzazione <lei fotosintetati. 
BS13(S)C2 x BS18 ha prodotto 8902 kg/ha, un valore risultato entro la DMS (0,05) di 
uno dei tre incroci semplici di controllo. BS13(S)C2 e un ceppo migliorato di BSSS e BS18 
e stato sviluppato <lall'interincrocio di due sintetiche Krug Hi I Syn. 3 sviluppate rispet-
tivamente con sette cicli di selezione basata su famiglie HS ed S1• Si discutono le possibili 
combinazioni delle varieta basate sulla risposta eterotica al fine della produzione di popo-
lazioni «composite». 
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